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A Preliminary Study of the Activated Sludge Process' 
By John Arthur Wilson, William R. Copeland and Henry Mills Heisig 
SEWERAGE T STING STATION, MI~WAUKEB, WISCONSIN 
In October 1920, an investigation was begun in this lab- 
oratory to determine the cause of periodic recurrences of 
difficulties in filter-pressing sewage sludge from the activated 
sludge process. Our first experiments showed that the 
variation in rate of filtration with the hydrogen-ion concen- 
tration of the sludge is so great as to make the control of 
this factor essential to the efficient operation of the plant. 
In  fact it was found that adding mfficient sulfuric acid to the 
sludge to reduce its p1-I value from 8 to 3 generally reduced 
the time required to filter a given quantity by 80 per cent. 
The increase in efficiency in the big plant is even greater be- 
cause the rapidly filtering sludge leaves the filter bags in 
the press clean enough to be used again without washing, 
which is not the case with untreated sludge. Later it was 
found that the use of aluminium sulfate and similar salts in 
conjunction with hydrogen-ion control gave rates of fil- 
tration about twice as great as were possible by change 
of acidity alone. Some of these experiments have already 
been reported in earlier p a p e r ~ . ~ J  
Careful studies of the effect of hydrogen-ion concentra- 
tion upon the rate of filtration of sludges obtained through- 
out the year made it evident that hydrogen-ion control, tre- 
mendously important in itself, is not the only factor vital to 
the efficient operation of the plant. Sludge obtained diu- 
ing February, when the temperature of the raw sewage was 
12", required eighteen times as long to filter as sludge ob- 
tained during August, when the temperature had risen to 
21°, even though each sample was brought to its optimum 
acidity before filtering. It became clear that an entirely 
satisfactory solution of the filter-pressing problem involved 
a reasonably complete investigation of the entire activated 
sludge process. A search of the literature revealed that very 
little has been accomplished towards an explanation of the 
mechanism of the process, and me have therefore begun an in- 
vestigation with this object in view. While the work is still 
incomplete, it  has seemed 4esirable to take advantage of this 
occasion to present what has been accomplished in the hope 
of stimulating other activities along thege lines. 
The most trying period of the year is the first quarter, 
when the temperature of the raw sewage is lowest. But even 
during this period it is possible to make the purity of the 
effluent discharged into the lake meet the requirements set, 
although the condition of the sludge for dewatering is then 
very poor. 
METHOD OF DEFINING THE CONDITION OF SLUDGE 
An important discovery in this investigation was the fact 
that the condition of a sludge can be defined satisfactorily 
by the curve representing its rate of filtration under fixed 
conditions as a function of the hydrogen-ion concentration. 
In making this determination in this work, we first dilute 
the sludge to contain 1 per cent of solid matter. The filter- 
ing equipment consists of 20 Buchner funnels set in filter 
flasks all connected with one pump furnishing a high and 
practically constant vacuum. Twenty portions of sludge, 
of 460 cc. each, are treated with 50 cc. of sulfuric acid $01~- 
tions of different concentrations so a8 to give a range of 
1 Presented before the Division of Water, Sewage and Sanitation 
Chemistry at the 62nd Meeting of the American Chemical Society, New 
York, N. Y., September 6 to 10, 1921. 
2 "Role of Acidity in the Dehydration of Sewage Sludge," THIS JOURNAL, 
18 (1921), 406. 
3 "Application of Colloid Chemistry to the Filter Pressing of Sewage 
Sludge," J. Am. Walcr Works Assoc., 8 (1921), 486. 
pH values from 2 to 8. All samples are thrown on the filters 
a t  the same time, the number of minutes required for complete 
filtration is noted, and the pH values of the filt'rates de- 
termined. As soon as any sample is completely filtered, its 
flask is cut off from the main line so as not to reduce the vacuum 
on the others. The number of minutes required for filtration 
is plotted against the pH value found. The curve is a 
measure of the condition of the sludge and indicates not only 
the efficiency with which it can he filter-pressed, but also the 
rate at which it is becoming septic. These curves will be ' 
referred to hereafter as "condition curves" of the sludge. 
CHANGES IN CONDITION OF SLUDGE DURING THE YEAR 
Fig. 1 shows condition curves of representative samples 
of sludge taken during each month of the present year to 
date. -In order to haldle the 
sludge of February, more than 
eighteen times as many filter 
presses would be required as 
would be needed to handle the 
August sludge, even with the 
most rigid hydrogen-ion con- 
trol. The lowest temperature 
of the raw sewage was 7" on 
March 8, and the highest was 
23" on July 21 and 22. Unfor- 
tunately the curves cannot be 
used as a measure of the effect 
of temperature alone on the 
condition of the sludge because 
of changes in the raw sewage 
brought about by the indus- 
trial depression. During the 
coldest period, the amount of 
solid matter in the sewage was 
unusually low, necessitating a 
longer time for its collection 
pB Value of Filtrate 
Showing how the condition 
of the sludge from the activated 
sludge process varied from Jan- 
uary to August 1921 
FIO. 1 
after the aeration. The condition of the sludge becomes worse 
the longer it is allowed tto stand after aeration, apparently 
because of septic action. 
AERATION os. SEPTIC ACTION 
A sample of July sludge was allowed to stand over night 
in a warm place. h-ext day it was quite foul and its condi- 
tion curve changed from that of July sludge to that of Feb- 
ruary sludge shown in Fig. 1. Aerating this septio sludge 
for 2.5 hrs. brought its condition curve almost to that of May 
sludge, whereas 5 hrs. of aerating brought it almost to that, of 
June sludge. Further experiment showed that the curves 
in Fig. 1 are all obtainable with any sludge; the lower curves 
can be raised by allowing the sludge to stand, while the higher 
curves can be lowered by aerating the sludge sufficiently 
long, th.; change apparently being reversible. This fact offers 
a solution of the filter-pressing problem during cold weather. 
While the cost of heating 85 million gallons of raw sewage 
daily during the cold weather would be prohibitive, it  is 
apparently quite feasible to heat the sludge obtained from this 
amount of sewage and re-aerate it. It is conceivable that 
this will make for uniform pressing conditions all year round, 
which would be of enormoils value, as the curves in Fig. 1 
indicate. 
The effect of hydrogen-ion concentration upon the septic 
action is shown in Fig. 2.  A sludge already in very poor con- 
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dition was used and condition curves were obtained with 
only 100-cc. portions of the sludge because of its poor con- 
dition. A second series was treated with acid, but was kept 
24 hrs. before filtering. It will 
be noted that the septic ac- 
tion proceeds a t  the greatest 
rate a t  a pH value between 5 
and 8. This action proceeds pq 5 $30 & 4 slowly der 20", a t  but emperatures very rapidly un- a t  
,.4' higher temperatures, and the 
rate is an accelerated one. s BO 
,\+e* concentration upon aeration f 10 
has not yet been intensively il 
studied. A single experiment 
FIG. 2 made upon the re-aeration of 
0 8 2 
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m ,P@+ The effect of hydrogen-ion 
5 4 5 6 7  
pB Value of Filtrate 
Showing how septic action is 
dependent upon hydrogen-ion sludge showed practicab the 
concentration. A more septic Same result whether the pH 
value of the sludge was 8 or 3. sludge filters more slowly 
Further work will soon be under way. 
In order to study the effect of temperature upon the re-aera- 
tion of sludge, three stoneware cylinders were equipped as 
aerating tanks. In the bottom of each was placed a Filtros 
plate having an area of 1 sq. ft. through which air could be 
whether these are essential to bring the sludge into good con- 
dition for pressing is not yet clear. In  Fig. 4, Curve I rep- 
resents a good August sludge and Curve I1 shows the same 
sludge after standing over night. This sludge was then put 
into the cylinders a t  a temperature a t  20". The cylinders 
were covered to prevent the entrance of air as much as pos- 
sible and the samples were aerated for 4 hrs., the first with 
hydrogen, the second with oxygen, and the third with air. 
Hydrogen made the sludge worse, while oxygen and air im- 
proved itf to an equal degree and brought it back almost to 
its condition before standing over night. 
The above experiment was repeated except for covering 
each sludge during aeration with a layer of xylene. The 
presence of the xylene entirely altered the results; all gases 
now made the condition of the sludge worse. Fig. 5 shows 
that hydrogen and oxygen now behave exactly alike, while 
air does not do so much harm. 
DISCUSSIOS 
Sufficient data are not yet available to form a sound 
theory of the mechanism of the activated sludge process, but 
speculation is desirable a t  this stage as a guide in outlining 
further experiments. It is generally conceded that putre- 
faction is usually due to bacteria or enzymes, both of which are 
present in the sludge. Whether or not byteria and enzyme$ 
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FIG. 3-Showing the effect of tempoerature upon the efficiency of re-aerating sludge. 
IV-Same as 11, but after aeratmg 5 hrs at 22'. 
FIO. 4-Showing effect of the nature of the gas upon the efficiency of re-aerating sludge. 
FIG. 5--Same as Fig. 4 except that the sludge was covered with xylene during aeration 
FIG. 6-Showing the effect of aluminium sulfate upon the condition of sludge 
I-Fresh sludge. 11-Same after standing 45 hrs. 111-Same 
III- 
after aerating 6 hrs at 11 . 
Same after aerating 4 hrs. with hydrogen. 
V-Same as 11, but after aerating 5 hrs. at 34' 
I-Fresh sludge. 11-Same after standing over night 
IV-Same as I1 after aerating 4 hrs. with oxygen. V-Same as I1 alter aeratirig 4 hrs. with air 
forced. For each 
experiment 66 gal. of sludge containing 1 per cent of solid 
matter were used and air was forced through at, the rate of 
0.45 cu. ft. per min. Each cylinder was surrounded by a cool- 
ing or warming jacket and the temperature was maintained 
by means of water warmed with steam or cooled with ice. 
Curve I repre- 
sents n sample of August sludge in excellent condition; 
Curve I1 this same sludge after standing for 45 hrs. at 20'. 
Portions of the sludge after standing were put into the 3 
cylinders. The temperature of the first was maintained a t  
ll", the second 22", and the third 34". Each was aerated 
for 5 hrs. Apparently there is an optimum temperature of 
aeration lying between 11" and 34", since better results 
were obtained a t  22". The experiment was repeated with 
the same result. The work will soon be extended to other 
temperatures and to  sludges in a more septic condition. 
August sludge does not become septic rapidly at 20". 
The same cylinders were used to study the effect of the 
nature of the gas employed. During ordinary aeration, 
oxidation and nitrification of the sludge take place but 
Each cylinder had a diameter of 15 in. 
A set of experiments is shown in Fig. 3. 
are essential to the aeration process is not so clear. The 
question may be asked: Is the action aeration us. putrefac- 
tion really a conflict between certain aerobic and anaerobic 
bacteria? The fact that the aeration action is more effective 
a t  22" than a t  34" makes it doubtful that ordinary enzymes 
are responsible, as these operate more effectively as the tem- 
perature is raised to 40". This would also be borne out by 
the fact that aeration in one test was as effective a t  a pH 
value of 3 as a t  8. On the other hand, the action is not merely 
mechanical, since hydrogen makes the sludge worse, whereas 
oxygen or air makes it better. But the presence of xylene 
renders the oxygen of no more value than the hydrogen. Is 
the action of the xylene to  retard the action of aerobic bac- 
teria or does it prevent some chemical action by becoming 
adsorbed by the surface of the sludge? Mechanical ac- 
tion alone, if sufficiently vigorous, will make the condition 
of the sludge worse. This constitutes a serious difficulty 
in attempting to  use the centrifuge for dewatering sludge. 
Whatever may be the initial cause of the aeration action, 
the ultimate change appcars to be chemical. Good flocks 
were obtained by adding aluminium sulfate or sodium phos- 
. 
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phate to the raw sewage, but not by adding sulfuric acid or 
lime. The cost of such t,reatment, however, was found to be 
much greater than aeration, with results not as good. The 
addition of aluminium sulfate to sludge lowers its condition 
curve, but a t  the same time changes its point of optimum 
hydrogen-ion concentration to a point between the isoelectric 
point of alumina and that of the sludge before adding alumin- 
ium sulfate. This is shown in Fig. 6. Re-aeration of sludge 
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lowers its condition curve, but not its point of optimum hy- 
drogen-ion concentration. All curves in Fig. 1 have points 
of minimum a t  about 3.2. Does this suggest that the funda- 
mental action of aeration is different from that of the alumin- 
ium sulfate? It is hoped that the line of experimenting re- 
cently begun may lead to a practically complete solution of 
this complex problem, a t  least so far as the most efficient 
chemical control of the plant is concerned. 
The Chemical Constituents of Skin’ 
By F. L. Seymour-Jones 
LEATHER INDUSTRIES DEPARTMENT, UNIVERSITY OB LEEDS, LEEDS, ENGLAND 
It is the object of this paper to present very briefly a 
survey of the chemical constituents of skin, regarded, as 
far as may be possible, as chemical individuals. In  recent 
years two general papers on skin chemistry have appeared, 
one, written about 1910 but published posthumously, by 
R. A. Seymour-Jones,1>* and the other, published in 1920, 
by G. L. Terrasse.2 These summarize the work on the sub- 
ject, but deal more particularly with the structure of the 
hide proteins and the conception of amino acids as “Bau- 
steine” in protein composition. It is proposed in the present 
paper to deal with matters unconsidered in the above papers, 
or from viewpoints which have arisen since their compila- 
tion. 
WORK ON THE SWELLING OF GELATIN 
The work of Procter3 and his collaborators on the acid 
swelling of gelatin has proved of fundamental importance 
in dealing with proteins in general. This has resulted in 
the deduction of mathematical formulas by which the dis- 
tribution of ions in the gelatin (or other protein) and in the 
external solution can, under given conditions, be calculated. 
In  place of a series of obscure phenomena, necessitating in- 
dividual measurements for each case, me now have a definite 
stoichiometrical relationship based on applications of osmotic 
equilibria and Donnan’s theory of membrane equilibria. 
This theory of gelatin swelling depends, however, on a 
definite conception of the molecular structure of gelatin. 
Procter regards gelatin jellies and solutions as composed of 
a network of molecular dimensions. This permits the de- 
velopment of osmotic effects, while ions within the jelly 
remain within the range of molecular attractions. In a 
protein jelly the term “molecular” may, however, cover a 
relatively large space. Butschli has formulated a theory 
in which the jelly is presumed to have a network of micro- 
scopic dimensions, while Quincke considers a jelly to be of 
two phases, a colloid-poor and a colloid-rich phase, the one 
dispersed in droplets throughout the other. This last view 
has met with considerable support, but, on the whole, the 
evidence favors Procter’s view. 
WORK ON ISOELECTRIC PO NT OF PROTEINS 
Arising from the work on gelatin swelling, most important 
results have been obtained in the researches of Jacques L ~ e b , ~  
who has clearly shown the importance of taking into account 
the isoelectric point of proteins and the hydrion concentra- 
tion of solutions employed. The isoelectric point (I. E. P.) 
has been shown to be, for proteins in general, coincident with 
the points of minimum swelling, conductivity, osmotic pres- 
* Presented before the Division of Leather Chemistry at the 62nd 
Meeting of the American Chemical Society, New York, N .  Y., September 
6 to 10, 1921. 
* Numbers in the text refer to Bibliography. - 
sure, viscosity, and solubility. For gelatin, f determina- 
tions vary from pH 4.5-4.7, and the value may be taken as 
about 4.6. No figures have been published yet for skin pro- 
teins in general, but work a t  Leeds University on hide pow- 
der gives the figure 4.8 for collagen. 
The importance of this figure lies in the fact that pro- 
teins in general are amphoteric. Loeb has shown for gelatin, 
and the same probably applies to hide proteins in general, 
that at a pH greater than its isoelectric point it functions 
only as an acid, and at a less pH only as a base. Thus, 
when gelatin was treated with silver nitrate and subsequently 
washed to remove excess of the salt a t  pH 3.6 to 4.7, no silver 
combined with the gelatin, whereas above 4.7 silver combined 
with the gelatin. Below 4.7 gelatin nitrate exists and above 
4.7 silver gelatinate. 
As a practical example, consider the disinfection of raw 
hides with formic acid and mercuric chloride. Under the  
conditions specified by the process, the pH is such that no, 
mercury can combine with the hide substance. Conse- 
quently if the hides are washed prior to liming (or other- 
alkaline treatment) all the mercury is removed. If the- 
mercury ion is not SO removed, it will be fixed in the limes,. 
and black stains will occur in subsequent processes. 
Using equivalent solutions of bases, Loeb found that alr 
monacid bases gave a swelling, viscosity, and osmotic 
pressure practically identical, but considerably greater than 
di-acid bases. The same applies to acids; all functioning 
as monobasic acids gave practically identical curves, while I 
dibasic acids (e .  g.,  sulfuric, and to a lesser extent oxalic) gave 
curves of diminished swelling, etc. This identity, however, 
applies only when plotting pH against the property measured; 
that is, the amount of acid present may vary considerably, 
but, provided the pH’s be identical, all monobasic acids 
will swell the protein to the same extent. 
In this fact lies the explanation of the mystery of the 
“Hofmeister” or “lyotrope” series, a curious sequence of 
ions arranged in the order in which they affect the properties 
of colloids. In the conipilation of this series, the factor 
of hydrion concentration was neglected. Provided all ex- 
cess of the reacting salt is removed, the various properties 
of proteins, such as swelling, viscosity, osmotic pressure, 
etc., are in reality functions of the hydrion concentration. 
All this is of great importance in considering the effect of 
any reagent on the hide proteins. To take a case in point: 
It will have been noticed that the isoelectric point for gelatin, 
and presumably for collagen, lies decidedly on the acid side 
of the point of true neutrality. The actual curve for gelatin, 
where swelling is plotted against pH, shows a fairly sharp rise 
to a maximum a t  about 2.4, a fall to a minimum a t  4.6, and a 
slow gradual rise to a maximum a t  about 12. If a hide is 
t Michaelis, 4.7; D. Jordan Lloyd, 4.6, Loeb, 4.7; M. H. Fischer, 4.5. 
